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Abstrat  The spae veloities from the atalog of Nordstro¨m et al. (2004) are used to trae variations of a number
of kinemati parameters of single F and G dwarfs as a funtion of their age. The vertex deviation of disk stars inreases
from 7± 1◦ to 15± 2◦ as the mean age dereases from 4.3 to 1.5 Gyr. The two-dimensional veloity distributions in the
UV, UW , and VW planes are analyzed. The evolution of the main peaks in the veloity distributions an be followed
to an average age of ≈ 9 Gyr. We nd that: (1) in the distributions of the UV veloity omponents, stars of dierent
types are onentrated toward several stable peaks (the Hyades, Pleiades, and Sirius Cluster), suggesting that the stars
belonging to these formations did not form simultaneously; (2) the peak assoiated with the Hyades Cluster dominates
in all age intervals; and (3) the Hyades peak is strongest for stars with an average age of 1.5 Gyr, suggesting that this
peak ontains a onsiderable fration of stars from the Hyades luster. The age dependenes of the kinemati parameters
exhibit a break near ≈ 4.5 Gyr, whih an be explained as an eet of the dierent ontributions of stars of the thin and
thik disks. The Stro¨mberg relation yields a solar LSR veloity of V⊙LSR = (8.7, 6.2, 7.2) ± (0.5, 2.2, 0.8) km/s.
PACS numbers : 97.10.Wn, 97.20.Jg, 97.10.Cv, 98.35.Df, 98.35.Pr
DOI: 10.1134/S1063772907050034
1. INTRODUCTION
Analysis of the veloity eld for stars in the solar
neighborhood is of great importane for understanding
the kinematis and evolution of various strutural
omponents of the Galaxy. As is now well known, the
distribution of stellar spae veloities has a omplex
small-sale struture, whih ould be due to various
physial fators. Whereas the statistial method [1℄,
whih an yield suh features of the distribution as the
dispersion of the residual veloities and the orientation
of the Shwarzshild ellipsoid, was previously suient
to desribe the observed veloity eld, we must now use
more subtle methods (spatially noninvariant (adaptive)
smoothing, as that used by Skuljan et al. [2℄, wavelet
analysis, et.) to identify stable strutural formations,
e.g., in the form of peaks [2, 3℄ or branhes [2℄.
The distributions of spae veloities of stars in the
solar neighborhood exhibit several harateristi peaks
assoiated with well-known open lusters [2, 4.6℄, suh
as the Pleiades (with an age of 70. 125 Myr [7℄), the
Sirius luster (500 Myr [8℄), and the Hyades (650 Myr
[9℄). These are fairly young ompared to the age of the
Galaxy (of the order of 10 Gyr). Chandrasekhar [10℄
showed that the time sale for the stability of an open
luster is an order of magnitude shorter than the age
of the Galaxy. This imposes onstraints on using the
theory of streaming motions [11.13℄. It is therefore of
great interest to study the kinemati harateristis of
stars as a funtion of their age.
The high-preision parallaxes and proper motions
provided for a large number of stars by the
HIPPARCOS [14℄ atalog revealed ne struture in
the distribution of spae veloities for stars in the
solar neighborhood [2, 3, 15℄. However, these were only
preliminary results, sine they were either based on
modelled radial veloities [3, 15℄ or used insuiently
aurate radial veloities [2℄. In this onnetion, the
survey of Nordstro¨m et al. [16℄ is learly of great
value, as it gives high-preision radial veloities, proper
motions, and parallaxes for a large and homogeneous
sample of F and G stars and, whih is very important,
1
reliable estimates of the ages of individual stars.
The aim of the urrent paper is to study the
struture of the distribution of spae veloities of F and
G dwarfs using the age estimates listed in [16℄ in order
to follow the evolution of the main peaks assoiated
with known lusters. Looking for onentrations of
stars of dierent ages toward the same peaks is also
very important beause it would imply the ation
of some ontinuously operating gravitational fator
(spiral density waves, a bar). In partiular, Famaey et
al. [17℄ independently argue for this possibility based
on other methods applied to other stellar samples.
In this paper, we use the statistial method to
determine the elements of the Shwarzshild ellipsoid,
and apply an adaptive Gaussian smoothing method
to the initial stellar distributions to analyze the ne
struture of the veloity eld.
We also aim to verify the Stro¨mberg relation based
on spae veloities obtained through a joint analysis of
proper motions from the HIPPARCOS atalog, high-
preision radial veloities, and stellar age estimates.
2. INITIAL DATA
The atalog [16℄, whih ontains about 14
000 F and G dwarfs, gives original high-reision
radial veloities (with typial errors of ≈ 0.25
km/s), previously published uvbyβ photometry in
the Stro¨mgren system, HIPPARCOS parallaxes,
supplemented in a number of ases by photometri
distanes, and stellar proper motions from the
HIPPARCOS and TYCHO- 2 [18℄ atalogs. Most of
the atalog stars have age estimates determined with
typial auraies of < 50%. We onsidered only single
stars loated within 200 p of the Sun. We did not
onsider double and multiple stars marked by a ag in
olumn 4 of the table in [16℄.We used only stars with
age estimates τ . We orreted the radial veloities and
proper motions for Galati rotation using the Oort
onstants A = 13.7 km/s·kp and B = −12.9 km/s·kp
[19℄. In the rst part of this paper, we analyze the
nearest single stars for whih
eπ/pi < 0.1, eτ/τ < 0.3. (1)
These are stars with the best age and distane
estimates. We need a large number of suh stars to
onstrut two-dimensional veloity-eld distributions
of suitable quality. To this end, we used slightly more
distant single stars satisfying the onditions
eπ/pi < 0.2, (2)
eτ/τ < 0.5,
|Vpec| < 100 km/s,
where Vpec is the peuliar veloity of a star relative
to the Loal Standard of Rest (LSR). We adopted
the solar veloity relative to the LSR presented by
Dehnen and Binney [15℄: (X⊙, Y⊙, Z⊙)ÌÑÏ = (10.00±
0.36, 5.25± 0.62, 7.17± 0.38) km/s.
3. ANALYSIS METHODS
3.1. Statistial Method
We use here a Cartesian oordinate system with
axes direted away from the observer and toward the
Galati enter (l = 0◦, b = 0◦, the x axis), in the
diretion of Galati rotation (l = 90◦, b = 0◦, the y
axis), and toward the North Galati Pole (b = 90◦,
the z axis).
We determined the elements of the Shwarzshild
ellipsoid using the well-known statistial method
desribed in detail in [1, 2022℄. We rst determined
the omponents of the Solar veloity by solving the
Kovalsky.Arie equations, then determined the elements
of the residual-veloity dispersion tensor from a least-
squares solution to the system of equations in six
unknowns. Analysis of the eigenvalues of the veloity-
dispersion tensor yields the prinipal axes of the
residual-veloity ellipsoid, whih we denote σ1,2,3, and
the diretions of the prinipal axes, whih we denote
l1,2,3, b1,2,3. We use the method of Parenago [23℄ with
fourth-order moments to estimate the errors in the
parameters σ1,2,3.
3.2. Construting the Two-Dimensional Stellar
Veloity Distributions
We estimated the two-dimensional probability
density f(U, V ) based on the omputed, disrete
UV veloity omponents using an adaptive-smoothing
method. Unlike Skuljan et al. [2℄, we used the radially-
symmetri Gaussian kernel
K(r) =
1√
2piσ
exp− r
2
σ2
,
where r2 = x2 + y2. This funtion obeys
the ondition
∫
K(r)dr = 1, whih is neessary
for estimating the probability density. The typial
unertainties in the veloities in our ase is 2 km/s,
whih, among other fators, determined our hoie of
disretization interval for the two-dimensional maps;
the area of eah square pixel is s = 2× 2km2/s2.
The main idea of the method onsists in the
following. At eah point, we smooth with a beam whose
size is determined by σ and varies in aordane with
the data density in the neighborhood of the point
onsidered. Thus, the smoothing is performed with
a relatively narrow beam in regions with high data
densities, with the beam width inreasing as the data
density dereases.
We used the following form of adaptive smoothing
at an arbitrary point ξ = (U, V ) [2℄:
2
fˆ(ξ) =
1
n
n∑
i=1
K
(
ξ − ξi
hλi
)
,
where ξi = (Ui, Vi), λi is the loal dimensionless beam
parameter at ξi, h is a general smoothing parameter,
and n is the number of data points ξi = (Ui, Vi).
The parameter λi of the two-dimensional plane UV is
determined at eah point as follows:
λi =
√
g
fˆ(ξ)
, ln g =
1
n
n∑
i=1
ln fˆ(ξ),
where g is the geometri mean of fˆ(ξ).
It is obvious that, to determine λi, we must know
the distribution fˆ(ξ), whih, in turn, an be determined
if all the λi are known. Therefore, the sought for
distribution must be reonstruted iteratively. As a
rst approximation, we used the distribution obtained
by smoothing the initial UV map using a xed-sized
beam. We found the best-t value of h by minimizing
the mean squared residual for the dierene between
the estimated distribution fˆ(ξ) and true distribution
f(ξ), whih was equal to about 9 km/s in our ase.
4. RESULTS AND DISCUSSION
4.1. Asymmetri Drift
Figures 1 and 2 show the group veloities of stars
(with reversed sign) as funtions of the square of
the residual-veloity dispersion S2 and of the stellar
age τ . Like Dehnen and Binney [15℄, we derived the
dependenes in Fig.1 using the quantity S2 = 1.14·σ2xx.
The horizontal bars in Fig. 1 show the one-sigma
unertainties in S2, and the similar bars in Fig. 2 show
the boundaries of the age intervals orresponding to
the mean error of the stellar age determination.
The dependene
Y⊙ = a · S2 + b, (3)
shown in the middle plot in Fig. 1 (the Stro¨mberg
relation) has the parameters a = 0.0122 ±
0.0019 (km/s)−1 and b = 6.2± 2.2 km/s. We obtained
these values using all the available data.
Extrapolating to zero veloity dispersion yields for
the LSR veloity of the Sun Y⊙ ÌÑÏ = 6.2 ± 2.2
km/s. The relatively large error of this veloity is due
(middle plot in Fig. 1) to the substantial satter in
the data points near S2 = 1000. As is also evident
from the middle plot in Fig. 2, out to an age of
τ = 4 − 5 Gyr, virtually all the points Y⊙ are almost
parallel to the horizontal axis, and the dependene
shows a peuliar kink at τ = 4− 5 Gyr. Figure 4 from
Dehnen and Binney [15℄, whih exhibits a depressed
portion of the V dependene for veloity dispersions
S2 ≈ 300 − 700(km/s)2, shows a similar pattern, as
does Fig. 6 from Olling and Dehnen [24℄ in the olor
index interval (B − V )◦ ≈ 0 − 0.3. After dropping
two data points Y⊙in Fig. 1 that orrespond to ages
of τ = 3.7 and 5.1 Gyr, i.e., to the depressed portion
of the plot, we obtained for the unknown parameters
a = 0.0125± 0.0009 (km/s)−1 and Y⊙ ÌÑÏ = 7.1± 1.1
km/s; the auray is now twie as good as in the
previous ase.
We thus onlude that the eet of this feature
is signiant and not aidental. It may be that the
form of model relation (3) used to desribe the atual
kinematis of stars must be more omplex, sine this
feature is diult to explain as an eet of random
errors in the stellar ages. Alternatively, we may observe
a disontinuity due to stars belonging to the thik or
thin disk. We disuss this possibility below in Setion
3.3. Overall, our a and Y⊙ values agree with the results
of Dehnen and Binney [15℄, who obtained the estimates
a = 0.0125 (km/s)−1 and Y⊙ LSR = 5.25 ± 0.62 km/s,
based on the proper motions of a muh greater number
of stars.
We alulated the other two omponents of the
solar veloity by averaging the veloities of seven stars,
without the youngest stars:X⊙LSR = 8.7±0.5 km/s and
Z⊙LSR = 7.2 ± 0.8 km/s. The orresponding means in
Fig. 1 are indiated by dashed lines.
Equation (3) an be written Y⊙ = Vϕ + Y⊙ LSR,
where Vϕ is the average veloity lag of stars with
respet to the irular veloity of Galati rotation
at the distane of the Sun from the Galati enter
(Ro= 8 kp), i.e., the asymmetri drift veloity. To get
some idea of the expeted dependene Y⊙ on time, we
an substitute the parameters derived from σ = c · τγ
into (3), where σ ≡ S. We nd that the expeted
dependene has the form of a power-law funtion with
index γ = 0.66. We derived the dependene shown by
the dashed line in the middle plot in Fig. 2 diretly
from the initial data; its index is γ = 0.41± 0.10. If we
drop the two data points orresponding to ages τ = 3.7
and 5.1 Gyr, we obtain the index γ = 0.37± 0.06.
The theory of the dynami evolution of the Galaxy
[25℄ assumes that the dependene Vϕ obeys the relation
Vϕ =
σ2U
2V◦ LSR
{
R
ρ
dρ
dR
+ 2× R
σU
dσU
dR
(4)
+
(
1− σ
2
V
σ2U
)
+
(
1− σ
2
W
σ2U
)}
,
where dρ/dR is the stellar-density gradient, R is
Galatoentri distane, and V◦ LSR is the rotation
veloity of the loal standard of rest.
The solid line and irles in Fig. 2 show the
asymmetri drift veloity for disk stars. We drew this
urve based on the results of Robin et al [26℄, whih
they obtained using formula (4) together with modern
data on the distribution of stellar masses in the solar
neighborhood and estimates of the veloity dispersions
of HIPPARCOS stars as a funtion of age [27℄. We
3
also used the parameter values [26℄ V◦ LSR = 226 km/s,
Y⊙ LSR = 6.3 km/s (we merged the age intervals 5.7
and 7.10 Gyr from Table 4 of Robin et al. [26℄ into a
single interval). As is lear from Fig. 2, the dotted and
solid lines, obtained using the dierent methods, are in
good agreement.
4.2. Analysis of Two-Dimensional Veloity
Distributions as a Funtion of Age
To onstrut the veloity distributions in the UV
, UW, and VW planes, we used single stars meeting
riteria (2). Unlike the previous ase, the number
of stars is 4880, and we subdivided them into four
age groups ontaining approximately equal number of
stars, whih we refer to as t1t4.
Figures 3.5 show the maps of the UV,UW ,
and VW veloity distributions for the age samples
indiated above.We onstruted all these maps using
the adaptive smoothing algorithm (see Setion 2.2).
The lowest ontour level and ontour inrement are
10% of the peak value in all gures. Tables 1 and
2 list the main kinemati parameters of the samples
onsidered. Table 3 lists the relative values of the main
peaks found in the maps. The oordinates of these
peaks relative to the LSR are equal to (in km/s)U = 20,
V = 8 for the Sirius peak; U = 0, V = −2 for the
Coma peak; U = −5, V = −16 for the Pleiades peak;
and U = −26, V = −12 for the Hyades peak.
As is lear from Table 1, the behavior of the
variation of Y⊙ for the samples t1t4 exatly mathes
that shown in Fig. 1: the Y⊙ values barely inrease out
to an age of τ = 4.3 Gyr, and are equal to about 15
km/s. The speed V⊙ also remains onstant and equal
to about 19 km/s.
As is evident from Table 2, the third axis b3 does
not deviate signiantly from the diretion toward the
Galati pole; the vertex deviation l1 inreases from
7±1◦ for old stars to 15±2◦ for stars with a mean age
of 1.5 Gyr. This result agrees well with the onlusions
of Dehnen and Binney [15℄, who found the vertex
deviation for main-sequene HIPPARCOS stars as a
funtion of olor index.
The random errors in the stellar radial veloities
derease from≈ 2 km/s for the youngest stars to≈ 0.25
km/s for old stars. Therefore, the most reliable maps
are those for the samples t2t3, sine, other onditions
being the same, they have lower random spae-veloity
errors. Our Monte-Carlo numerial simulations showed
that random errors in the stellar spae veloities of 2
km/s shift the maxima of the UV veloity distributions
by no more than 3÷ 4 km/s, indiating the stability of
the derived oordinates of the peaks.
It is lear from Figs. 35 and Table 3 that
onentrations of stars in the form of stable peaks
show up mostly in the distribution of the UV veloity
omponents (Fig. 3). The Hyades peak dominates in
all age intervals. The relative intensity of the Hyades
peak (U = −26 km/s) for young stars is so high that
we had to exlude the youngest stars when determining
the solar-veloity vetor relative to the LSR (see the
dependenes for X⊙ in Figs. 1.2). This leads us to
onlude that the kinematis of the youngest stars is
determined by their membership in the Hyades peak.
We found no signiant variations of the
oordinates of the main peaks as a funtion of
stellar age in samples t1t4. Table 3 shows the
variations of the relative intensities of the peaks.
It is evident from Fig. 3 that the orientations
(vertex deviations) of individual isolated peaks, e.g.,
of the Hyades peak, vary appreiably as a funtion
of the sample age. At the same time, the Hyades
and Pleiades peaks form a branh-shaped extended
struture whose orientation remains unhanged. See
Skuljan et al. [2℄ for a detailed desription of suh
strutures in the UV -veloity distribution for a large
number of HIPPARCOS stars.
Figure 3 also demonstrates the development of a
strutural feature entered on U = −25 and V = −40
km/s, whih is usually assoiated with the ζ stream.
The ore of this feature shows up in all the samples,
but it is branh-shaped only for sample t4, i.e., in the
veloity distribution for the oldest stars.
Numerial simulations of disk heating by spiral
waves arried out De Simone et al. [28℄ showed that
the division of the UV distribution into branhes and
peaks an be explained by irregularities in the Galati
potential, but not by irregularities in the star formation
proesses. The eet of the bar on the evolution of
the veloity ellipsoid and the distribution of residual
stellar veloities are now topis of extensive studies
[29, 30℄. Babusiaux and Gilmore [31℄ provide strong
arguments supporting the presene of a bar, based on
an analysis of infrared observations of stars. Fux [29℄
showed that a bar in the Galati enter should result
in the development of arms, and the Herules arm is
believed to be due to the eet of the bar [17, 32, 33℄.
Analysis of the UW distribution for sample t1
in Fig. 4 shows that the Hyades peak shows up
onspiuously, along with the entral peak. In the
ase of sample t4, whih ontains the oldest stars, the
Hyades peak shows up as a prominent, isolated lump.
The VW veloity distributions (Fig. 5) for samples
t1.t4 are fairly symmetri and regular. The oldest stars
(t4) show a well-dened veloity lag and the ellipse-
trunation eet.
On the whole, we onlude that stars of very
dierent ages are onentrated toward several peaks
assoiated with known open lusters. Our results agree
with the onlusions of Famaey et al. [17℄, who seleted
samples of M and K giants belonging to individual
peaks in the UV veloity plane and omputed the
isohrone ages of individual stars. They found that
peaks ontained stars overing very wide age intervals,
suggesting that stars belonging to individual peaks
did not form simultaneously. This is also the main
onlusion of our paper.
4
4.3. Stars of the Thin and Thik Disks
The samples t1t4 ontain stars of both the thin
and thik disk, and may also be slightly ontaminated
by halo stars. In this setion, we subdivide stars in
samples t1t4 into thin-disk and thik-disk stars based
on kinemati riteria, and analyze the age dependenes
of the group veloities of these stars. Aording to
modern onepts, the onditions |Vpec| <100 km/s
and [Fe/H℄>−0.5 dex separate out halo stars rather
eiently [34, 35℄.We seleted a group of single stars
meeting the riteria
eπ/pi < 0.2, eτ/τ < 0.5,
|Vpec| < 60 êì/ñ, [Fe/H ] > −0.5 dex,
whih we onsider to be thin-disk stars. The seond
group, whih ontains mostly thik-disk stars, satises
the onditions
eπ/pi < 0.2, eτ/τ < 0.5,
60 êì/ñ < |Vpec| < 100 êì/ñ,
[Fe/H ] > −0.5 dex.
The alulated kinemati parameters are listed in Table
1, where the thin-disk and thik-disk samples are
indiated by a single and double prime, respetively;
we alulated Vpec relative to the Sun. We show the age
dependenes of the resulting solar-veloity omponents
in Fig. 6. Analysis of Table 1 and Fig. 6 shows that the
Z⊙ omponent shows the smallest dierenes between
the two groups. The X⊙ veloity omponent shows
the greatest dierene, whih reahes 35 km/s for the
youngest stars.
We found the veloity lags at an age of about 9 Gyr
to be Vφ=11 km/s for thin-disk stars, reahing Vφ=35
km/s for thik-disk stars. These values are onsistent
with those urrently taken to be the known kinemati
harateristis of the thin and thik disks [24, 26℄.
It is obviously impossible to separate the evolution
of stars of the thik and thin disks. However, as is
lear from Table 1, the number of thik-disk stars
inreases appreiably with the sample age, resulting in
the observed disontinuities in the dependenes of Y⊙
on τ and on S2. This bend in the dependenes of the
kinemati parameters near ≈ 4 Gyr (Fig. 1, 2) an be
explained by hanges in the ontributions of the thin-
disk and thik-disk stars with stellar age.
It is evident from the middle part of Table 1
and the upper plot in Fig. 6 that X⊙ for disk stars
does not remain onstant, i.e., there is a signiant
veloity gradient as a funtion of time, with this
veloity reahing 3.0 ± 0.8 km/s for sample t4′ (or, in
terms of signed quantities, U = −3.0 ± 0.8 km/s).We
partiularly point out this result, beause, so far,
only two large atalogs of high-preision stellar radial
veloities measured with CORAVEL spetrometers are
available: those of Nordstro¨m et al. [16℄ and Famey
et al. [17℄ for dwarf and giant stars, respetively. In
their analysis of high-preision spae veloities of K
andM giants in a sample of stars without high-veloity
objets, Famey et al. [17℄ found U = −2.78±1.07 km/s.
This shows that an appreiable fration of stars in the
solar neighborhood may have systemati motions in
the radial diretion (along the Galati radius vetor),
and also further ompliates the problem of seleting
stellar samples for the most rigorous determinations of
the parameters of the loal solar motion relative to the
LSR.
CONCLUSIONS
We have used high-preision spae veloities (with
an average error of 2 km/s) for single F and G dwarfs
within 200 p of the Sun taken from the survey of
Nordstro¨m et al. [16℄ to analyze the variation of the
kinemati parameters of stars as a funtion of their
age.
We nd that the vertex deviation for disk stars
inreases from 7 ± 1◦ to 15 ± 2◦ as the mean age
dereases from 4.3 to 1.5 Gyr.
We analyzed the main peaks in the two-dimensional
stellar spae veloity distributions in the UV,UW ,
and VW planes assoiated with known lusters, to
determine how these peaks evolve with inreasing age
of the stellar sample, up to a limiting mean age of ≈ 9
Gyr. This analysis shows the following.
(1) In the UV -veloity distribution, stars with
dierent ages are onentrated toward several stable
peaks (the Hyades, Pleiades, and Sirius lusters). This
indiates that stars belonging to these individual peaks
did not all form simultaneously. This is the main
onlusion of this work.
(2) The peak assoiated with Hyades luster is the
most onspiuous in all the age intervals.
(3) The Hyades peak is most prominent for stars
with a mean age of 1.5 Gyr, suggesting that this peak
ontains a large fration of Hyades luster stars.
We show that the bend in the age dependenes of
the kinemati parameters near ≈ 4 − 5 Gyr an be
explained as an eet of the hanging ontributions
of thin-disk and thik-disk stars. When redetermining
the parameters of the asymmetri drift and the
Stro¨mberg relation, we found the dependene of Y⊙
on the mean stellar age τ to show a disontinuity
at τ ≈ 5.1 Gyr, with Y⊙ remaining approximately
onstant at lower ages (≈ 15 km/s). Removing
outliers enabled us to inrease the auray of the
parameters of the Stro¨mberg relation by almost a
fator of two, suggesting that the disontinuity is real
and not aidental. Unlike the well-known Parenago
disontinuity, whih results from the subdivision of
stars into objets of the disk, intermediate omponent,
and halo, this disontinuity is due to a subtler eet:
stars of the thik and thin disks ontribute dierently
to the determination of the kinemati parameters. At
5
τ ≈ 9 Gyr, the veloity lags (asymmetri drifts) of
the thin and thik disks are Vφ=11 and Vφ=35 km/s,
respetively.
The mean veloity omponent along the x
oordinate averaged over all the stars remains onstant,
and equal to X⊙ LSR = 8.7 ± 0.5 km/s. Imposing
onstraints on |Vpec| leads to the appearane of
appreiable gradient of this quantity as a funtion
of time, and this veloity reahes 3.0 ± 0.8 km/s for
the oldest disk stars. The z veloity omponent for
all the stars onsidered is the most stable, and is
equal, on average, to Z⊙ LSR = 7.2 ± 0.8 km/s. Our
extrapolation of the residual-veloity dispersion to zero
yielded Y⊙ LSR = 6.2± 2.2 km/s.
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Table 1. Parameters of the solar motion.
Sample N⋆ r, p τ , Gyr X⊙, km/s Y⊙, km/s Z⊙, km/s V⊙, km/s L⊙ B⊙
t1 1205 107 1.5±0.3 11.6±0.5 14.6±0.5 7.0±0.5 19.9±0.5 52o ± 2o 21o ± 2o
t2 1281 96 2.5±0.5 9.4±0.6 15.2±0.6 7.4±0.6 19.3±0.6 58±2 22±2
t3 1304 80 4.3±1.3 7.9±0.7 15.5±0.7 7.8±0.7 19.1±0.7 63±2 24±2
t4 1214 69 8.9±2.5 8.6±0.9 25.2±0.9 6.8±0.9 27.5±0.9 71±2 14±2
t1
′
1116 107 1.5±0.3 9.7±0.5 13.1±0.5 7.0±0.5 17.8±0.5 53±2 23±2
t2
′
1130 95 2.5±0.5 7.2±0.5 13.8±0.6 6.9±0.5 17.0±0.5 62±2 24±2
t3
′
968 78 4.2±1.3 5.1±0.6 13.7±0.6 6.7±0.6 16.0±0.6 70±2 25±2
t4
′
731 67 8.6±2.5 3.0±0.8 16.0±0.8 5.7±0.8 17.2±0.8 79±3 19±3
t1
′′
71 112 1.6±0.3 45.9±2.7 34.7±2.7 8.7±2.7 58.2±2.7 37±3 9±3
t2
′′
102 103 2.5±0.5 36.7±2.8 33.9±2.8 12.2±2.8 51.4±2.8 43±3 14±3
t3
′′
186 81 4.5±1.3 18.9±2.6 33.1±2.6 12.3±2.6 40.0±2.6 60±4 18±4
t4
′′
294 68 9.3±2.5 16.6±2.2 39.8±2.2 9.6±2.2 44.1±2.2 67±3 13±3
N⋆ is the number of stars and r the helioentri distane of the star.
Table 2. Parameters of the solar motion
σ1 σ2 σ3 l1, b1 l2, b2 l3, b3
t1 23.6±0.6 13.7±0.6 10.8±0.4 15o ± 2o, 1o ± 0o 105o ± 2o, −1o ± 1o 127o ± 2o, 89o ± 4o
t2 25.6±0.7 16.0±0.5 13.0±0.3 12±1, 0±0 102±2, 6±1 281±2, 85±4
t3 29.1±0.8 19.2±0.6 15.7±0.4 7±1, 0±0 97±2, 9±2 275±2, 81±6
t4 35.4±1.0 23.7±0.7 20.9±0.6 7±8, -1±1 97±3, 8±2 284±3, 82±8
Table 3. Normalized amplitudes of the main peaks in the UV veloity distribution
Sample Hyades Pleiades Sirius Coma
t1 48.20 8.62 13.88 5.84
t2 17.56 13.42 20.18 11.54
t3 30.30 11.57 11.59 4.31
t4 16.19 2.69 5.27 3.96
7
Fig. 1. Solar veloity omponents as a funtion of the square of the residual stellar-veloity dispersion.
8
Fig. 2. Solar veloity omponents as a funtion of stellar age.
9
Fig. 3. Distributions of UV veloity omponents of the stars in four stellar age groups.
10
Fig. 4. Same as Fig. 3 for the UW veloity omponents of the stars.
11
Fig. 5. Same as Fig. 3 for the VW veloity omponents of the stars.
12
Fig. 6. Components of the solar veloity as a funtion of the age of stars belonging to the thin disk (lled
squares) and thik disk (open irles).
13
